 (Gut 1994; 35: 791-797) 
Colonic epithelial cells have a short life span of less than seven days yet, in this time, they rapidly differentiate, principally into mature mucin secreting cells or colonocytes. Apparent perturbation of this differentiative process may occur in morphologically normal epithelium in large bowel diseases characterised by focal lesions including cancer, adenoma, and hyperplastic polyps,' 2 and in diffuse large bowel disease such as ulcerative colitis.2-7 In patients with ulcerative colitis, there is an increased rate of proliferation of colonic epithelial cells.8-" As the crypt length is generally shortened, cell turnover must be increased. Despite the shortened life span of the cells, the expression of markers of a differentiated phenotype seems not to be diminished; for example, an immunohistological study showed normal to increased expression of a 35 kD glycoprotein marker of differentiation6 while quantitative measurement of markers in homogenised mucosa has shown normal to increased expression of carcinoembryonic antigen7 and increased activity of dipeptidyl peptidase IV (unpublished findings). Thus, the rate of differentiation seems to be accelerated if indeed such markers adequately reflect the state of differentiation.
Several underlying mechanisms may be implicated. Firstly, it may result from inherent abnormalities of epithelium in ulcerative colitis.12 Secondly, there might be a specific effect on epithelial differentiation of cytokines or other soluble mediators to which the epithelium is exposed during mucosal inflammation. Thirdly and more simply, it possibly results from a non-specific effect of an unfavourable epithelial microenvironment either because of the abnormal presence of such factors as free oxygen radicals, platelet activating factor, relative hypoxia, or activated neutral proteases or because, as postulated by Roediger,'3 comparative starvation of the cells that might occur because of the inflammatory infiltrate and oedema, changes in luminal mircoflora, and poor butyrate production or utilisation, or both.
Current understanding of extrinsic factors that might modulate colonic epithelial differentiation is very limited. Progress in defining requirements of colonic epithelium for growth and differentiation has been hindered by the lack of satisfactory, relevant in vitro cell systems in which such factors might be identified. Methods for the isolation of human colonic crypt cells, however, which are viable for at least 24 experiments, the rate of uptake remained constant over 28 hours (data not shown).
BRUSH BORDER MARKER STUDIES
To determine the effect of serum on the expression of markers of differentiation, cells were cultured at 37°C in medium containing 20% Nu serum added at the initiation of the cultures and the results compared with those of cells similarly cultured but without serum in the medium. Colonic crypt cells were cultured in 96 well plates in a total volume of 200 tl. Under these conditions of culture, few cells or crypts adhere to the plastic and most remain in suspension. At the end of the culture period, the cells were harvested by aspiration from the wells followed by centrifugation and were resuspended in 1 ml of mannitol buffer (50 mM D-mannitol and 2 mM trizma base in dH2O, pH 7T4). Both the cells in buffer and supernates were stored at -20°C until assayed. All studies were performed in triplicate or quadruplicate.
Just before assaying, cell suspensions were mechanically homogenised at 4°C in the mannitol buffer with 0-1% Triton X-100. Alkaline phosphatase was measured spectrophotometrically using p-nitrophenol as substrate, carcinoembryonic antigen20 was measured by radioimmunoassay (Diagnostic Products Incorporation, Los Angeles, CA), and protein content using bovine y globulin as standard. sign or sum test. A p value -0 05 was considered significant.
Results
The effects on several indices of two culture media, comprising supplemented DMEM containing 20% Nu serum and supplemented DMEM without serum, were evaluated. The viability of colonic crypt cells over a 24 hour period in the serum containing medium has been shown on multiple criteria in previous studies.'5 16 Continuing viability under serum free conditions was evaluated by examining cell membrane integrity by measuring 5 Cr-release from prelabelled cells. As Figure 1 shows, the leakage of 5'Cr from the cells (all from cancer bearing colons) in three experiments over 16-24 hours was < 1-5%/h over a range of serum concentrations indicating maintenance of cell membrane integrity. 5 Cr leakage from cells cultured without Nu serum (23 (4)%) was slightly (but statistically significantly) lower than that from cells cultured in the presence of serum (24 (4)%; p=0 01, one-tailed t test).
To appropriately assess effects of the conditions specifically on differentiation, it was important that the rate of cell proliferation was not affected by the conditions used. As colonic crypt cells cannot be accurately counted because they are tightly bound to neighbouring cells in the form of crypts, cell proliferation was examined by measuring the rate of DNA synthesis and the DNA content of the cell populations. Cells were isolatedfrom macroscopically normal colon affected by neoplastic (0) or non-neoplastic disease (-) comprising inflammatory bowel disease (n=5) and noninflammatory conditions (n-2). The G:P ratio was significantly greater in the absence ofserum (p<0 001; paired t test). Nu serum concentration (%) increase in the rate of glycoprotein synthesis was similar in each patient group (neoplasia 33 (21)%, non-neoplasia 53 (23)%; p=0 30). The G:P ratio was significantly higher for colonic crypt cells cultured in the absence of serum (3 07 (0 43), n= 15) than that of cells cultured in the presence of 20% Nu serum (2 04 (0 32); p<0 001, paired t test). As Figure 3 shows, the G:P ratio was higher when serum free medium was used for all but one cell population (from a patient with Crohn's disease). The increase in G:P ratio seen in serum free conditions was. significantly greater in cells from patients with neoplasia (56 (6)%) than from those without (35 (8)%; p=0O035).
The expression in cell homogenates of two brush border markers of the differentiated phenotype, alkaline phosphatase, and carcinoembryonic antigen, was assessed in colonic crypt cell populations after 24 hours culture in serum containing or serum free media. All cell populations, when cultured in the absence of serum, exhibited increased expression of both markers relative to total cellular protein compared with autologous cells cultured with serum. Thus, alkaline phosphatase activity increased from a median of 4 11 U/g in the presence of serum to 5 .57 U/g (n=14; p<0O001, Wilcoxon signed rank test) in its absence (Fig 4A) U/g (p=0.034, Wilcoxon signed rank test) in serum containing medium and to 19 9 (4 7-56 3) U/g (p=0 006) in serum free medium.
To find out if two common additives to culture media might be at least partly responsible for the differences in responses of colonic crypt cells to medium with and without serum, the effects of a range of concentrations of insulin and dexamethasone when added to serum free media on the rates of protein and glycoprotein synthesis atid on the G:P ratio were examined. As Figure 6 shows, neither dexamethasone or insulin changed the rate of protein synthesis or the G:P ratio of colonic crypt cells when tested at concentrations ranging from those present in Nu serum to pharmacological concentrations. No effects 
Discussion
Human colonic crypt cells cultured for 24 hours under the two conditions in this study -culture medium supplemented with serum and culture medium providing only basic salts, nutrients, and buffers -maintained plasma membrane integrity, continued to carry out complex metabolic processes such as protein, glycoprotein, and DNA synthesis, and, as recently discovered, production and secretion of the proteins, urokinase and plasminogen activator inhibitor-1. . The cells, therefore, maintain their viability in both serum free medium and, as previously shown, in serum containing medium. The rate of cell proliferation as assessed by the rate of DNA synthesis and total cellular DNA content is similar under both conditions. Differences were found, however, in the rate at which proteins and to a lesser extent, glycoproteins were being synthesised. Thus, the effects on the expression of features of a differentiated phenotype of two culture conditions with differing non-specific effects on basic cellular processes could be compared without the confounding problems of cell toxicity and changes in rates of cell proliferation.
Colonic crypt cells exhibited consistently greater rates of glycoprotein synthesis relative to that of protein synthesis in serum free compared with serum containing conditions. Pulse chase tracer experiments have shown that differentiated large bowel epithelial cells have higher rates of glycoprotein synthesis than less differentiated cells.23 Measurement of the effect of factors on the absolute rate of glycoprotein synthesis in isolated cells, however, does not take into account possible modulation of the general metabolic activity of the cells, which may be, for example, non-specifically suppressed by less favourable culture conditions as seen with serum free media in this study. Expressing the rate of glycoprotein synthesis relative to the concurrently measured rate of protein synthesis, a metabolic process shared by cells mature and immature, attempts to correct for such nonspecific changes in metabolic activity. Thus, a change in G:P ratio associated with a change in culture conditions might point to a change in the rate of differentiation of those cells because of that change in environmental conditions. Indeed, the G:P ratio parallels the state of differentiation of at least one colon cancer cell line. ' 
